Pressure overload-induced cardiac stress induces left ventricular hypertrophy driven by increased cardiomyocyte mass. The increased energetic demand and cardiomyocyte size during hypertrophy necessitate increased fuel and oxygen delivery and stimulate angiogenesis in the left ventricular wall. We have previously shown that the transcriptional regulator steroid receptor coactivator-2 (SRC-2) controls activation of several key cardiac transcription factors and that SRC-2 loss results in extensive cardiac transcriptional remodeling. Pressure overload in mice lacking SRC-2 induces an abrogated hypertrophic response and decreases sustained cardiac function, but the cardiomyocytespecific effects of SRC-2 in these changes are unknown. Here, we report that cardiomyocyte-specific loss of SRC-2 (SRC-2 CKO) results in a blunted hypertrophy accompanied by a rapid, progressive decrease in cardiac function. We found that SRC-2 CKO mice exhibit markedly decreased left ventricular vasculature in response to transverse aortic constriction, corresponding to decreased expression of the angiogenic factor VEGF. Of note, SRC-2 knockdown in cardiomyocytes decreased VEGF expression and secretion to levels sufficient to blunt in vitro tube formation and proliferation of endothelial cells. During pressure overload, both hypertrophic and hypoxic signals can stimulate angiogenesis, both of which stimulated SRC-2 expression in vitro. Furthermore, SRC-2 coactivated the transcription factors GATA-binding protein 4 (GATA-4) and hypoxia-inducible factor (HIF)-1␣ and -2␣ in response to angiotensin II and hypoxia, respectively, which drive VEGF expression. These results suggest that SRC-2 coordinates cardiomyocyte secretion of VEGF downstream of the two major angiogenic stimuli occur-ring during pressure overload bridging both hypertrophic and hypoxia-stimulated paracrine signaling.
Cardiac stress induced by pressure overload is characterized by an initial change in metabolic signaling that gives rise to left ventricular hypertrophy driven by increased cardiomyocyte mass. The growing cardiomyocytes send paracrine signals to induce angiogenesis, thus keeping the vasculature in proportion with the ventricle wall mass (1, 2) . This hypertrophy-induced signaling is at least partially driven through activation of transcription factor GATA-4, which controls many genes involved with the cardiomyocyte growth, as well as VEGF production and secretion from the cardiomyocyte (3) . If angiogenesis is impaired or an imbalance occurs such that wall growth or oxygen demand due to increased workload accelerates faster than new vasculature, local regions of hypoxia arise, leading to activation of hypoxia-inducible factor (HIF) 2 -1␣ and -2␣. Acting through a different cis-element in the VEGF promoter, transcription factors HIF-1␣ and HIF-2␣ can further stimulate VEGF expression and secretion from the cardiomyocyte to stimulate angiogenesis (1) . Impairment of these responses or sustained load eventually leads to cardiac dysfunction. In a mouse model of pressure overload induced by transverse aortic constriction (TAC), VEGF deficiency resulted in myocardial capillary rarefaction associated with the hypertrophic response, leading to rapid functional decline (4) . Conversely, adenoviral delivery of pro-angiogenic factors, including VEGF and angiopoietin-1, can preserve cardiac function during TAC (5) (6) (7) .
Steroid receptor coactivator-2 (SRC-2) is a transcriptional coactivator that acts as a scaffold for transcription factors to amplify their action, depending on the cellular context and upstream signals. In the heart, we have previously shown that SRC-2 can control the expression and activation of several key cardiac transcription factors, including GATA-4, myocyte enhancer factor (MEF2), and T-box transcription factor 5 (Tbx5) (8) . Loss of SRC-2 results in extensive cardiac transcriptional remodeling, leading to a gene landscape that resembles the fetal gene profile during unstressed conditions, but with no corresponding impairment of function (9) . During pressure overload induced by TAC, SRC-2 KO animals have an abrogated hypertrophic response and decreased sustained cardiac function compared with WT animals (9) . In the current study, we show that mice with loss of SRC-2 in the cardiomyocyte (SRC-2 CKO) have a similar impaired response to TAC. Investigation of this model revealed a novel role for SRC-2 as a regulator of paracrine signaling from the cardiomyocyte. We found that SRC-2 CKO hearts have reduced vasculature in response to TAC, which at least partially results from decreased VEGF secretion from the cardiomyocytes. In vitro studies revealed that SRC-2 coactivates both GATA-4 and HIF transcription factors to induce VEGF expression and secretion in response to hypertrophic and hypoxic stimuli. Together, our results suggest that SRC-2 is a novel upstream coordinator of cardiomyocyte-driven angiogenesis during cardiac stress, bridging both hypertrophic and hypoxic-stimulated paracrine signaling.
Results

Cardiomyocyte SRC-2 absence prevents TAC-induced increased cardiac vasculature
To analyze cardiomyocyte-specific activities of SRC-2 during cardiac stress, we subjected WT and SRC-2 CKO mice to TAC and monitored their cardiac function for 4 weeks. Similar to what we observed previously for universal SRC-2 KO animals (9), loss of cardiomyocyte SRC-2 resulted in blunted hypertrophy, as measured by left ventricular wall thickness and cardiomyocyte size, and decreased function, as measured by ejection fraction and fractional shortening compared with WT mice (Fig. 1 , A-C). Mice were euthanized 4 weeks post-TAC because of accelerated heart failure in the SRC-2 CKO mice. Because hypertrophy acutely promotes angiogenesis, which in turn can support further hypertrophy, we postulated that a lack of angiogenic response could impair the degree of hypertrophy in SRC-2 CKO mice as well as contribute to the observed A, left ventricular posterior wall thickness (LVPW) echocardiography measurements for WT and SRC-2 CKO mice 4 weeks post-TAC. n ϭ 7-15. B, heart sections from WT and SRC-2 CKO mice were stained with wheat germ agglutinin (WGA), and a cross-sectional area of cardiomyocytes was measured. n ϭ 8 -12, Ն400 cells/mouse. C, percentage ejection fraction and fractional shortening derived from echocardiography as described in A. D, isolectin staining of heart sections as in B. Number of vessels per microscope field is graphed. n ϭ 3 mice with 4 sections/mouse analyzed. E, qPCR was performed for the indicated genes on total heart RNA from WT and SRC-2 CKO hearts before and 4 weeks after TAC. Rpl32 is used as an internal control, and data are presented relative to unstressed WT. n ϭ 4. *, p Յ 0.05; **, p Յ 0.01; ****, p Յ 0.0001. Tie2, tyrosine kinase with immunoglobulin-like and EGF-like domains 2; TAC1, tachykinin precursor-1. Error bars, S.E. decreased function. Isolectin staining of heart sections 4 weeks post-TAC revealed increased vasculature in the WT animals. In contrast, the vasculature in the SRC-2 CKO mice did not increase but actually slightly decreased ( Fig. 1D ). This impaired vasculogenesis post-TAC accompanies decreased mRNA expression of endothelial markers Tie2, CD31, and TAC1 in SRC-2 CKO animals compared with WT post-TAC ( Fig. 1E ). These results strongly suggest that loss of SRC-2 in the cardiomyocyte prevents the angiogenic response to pressure overload.
SRC-2 promotes VEGF expression and secretion
Of the many factors secreted from cardiomyocytes that can affect angiogenesis during stress, VEGF is most predominant (1) . The expression of VEGF induced by TAC was greatly blunted in SRC-2 CKO animals ( Fig. 2A ). To ensure that this effect is not due to developmental loss of SRC-2, we tested acute knockdown of SRC-2 in H9c2 rat cardiomyocytes and found that a similar decrease in VEGF mRNA expression accompanies decreased SRC-2 expression ( Fig. 2B and Fig.  S1A ). Additionally, knockdown of SRC-2 in H9c2 cells reduced their secretion of VEGF ( Fig. 2C ). By contrast, increased expression of SRC-2 via adenovirus augmented VEGF secretion ( Fig. 2D ). Chromatin immunoprecipitation assays confirmed SRC-2 recruitment to the VEGF promoter in isolated primary adult cardiomyocytes ( Fig. 2E ). These data support the idea that SRC-2 up-regulates VEGF expression in the cardiomyocyte.
Induction of VEGF by SRC-2 promotes angiogenesis in endothelial cells in vitro
VEGF secretion from cardiomyocytes stimulates angiogenesis, a process that involves EC proliferation, migration, and tube formation (1). To investigate whether SRC-2 played a role in this paracrine effect of cardiomyocytes, we assessed the effects of conditioned media from WT and SRC-2-deficient H9c2 cardiomyocytes. Conditioned medium from SRC-2 knockdown cardiomyocytes stimulated less HUVEC tube formation and proliferation. This impairment was rescued with the addition of exogenous VEGF to the medium (Fig. 3 , A and B). Conversely, HUVEC proliferation was augmented to a greater extent using conditioned medium from SRC-2overexpressing cardiomyocytes (Fig. 3C ). These data suggest that SRC-2 regulates the paracrine effect of cardiomyocytes on angiogenesis.
Angiotensin II (AngII) stimulates SRC-2 expression and VEGF expression in an SRC-2-dependent manner
The earliest signals driving angiogenesis downstream of pressure overload are initiated by hypertrophic signaling (1) . Little is known about control of SRC-2 expression and activity in the heart in response to stress or growth signals, so we investigated whether hypertrophic signals might induce SRC-2 activity and whether this activity would lead to increased VEGF expression. SRC-2 mRNA and protein levels were increased in H9c2 cardiomyocytes in response to hypertrophic agonist AngII (Fig. 4A ). We recently generated a mouse line with inducible loss of SRC-2 specifically in the cardiomyocyte in response to Figure 2 . SRC-2 promotes VEGF expression and secretion from cardiomyocytes. A, qPCR for VEGF expression in total heart RNA from WT and SRC-2 CKO hearts before and 4 weeks after TAC. Rpl32 is used as an internal control, and data are presented relative to unstressed WT. n ϭ 4. B, qPCR for VEGF in total RNA from H9c2 cells treated with control or SRC-2 siRNA. Rpl32 is used as an internal control, and data are presented relative to control siRNA. C, ELISA analysis for VEGF in medium collected from H9c2 cells treated with control or siRNA against SRC-2. D, ELISA as described in C from H9c2 cells treated with control empty adenovirus or ad-SRC2. E, chromatin immunoprecipitation performed with anti-SRC-2 antibodies in total chromatin prepared from adult primary cardiomyocytes and analyzed for enrichment of the VEGF promoter via qPCR. IgG antibodies are used as negative controls. A primer set known to be void of SRC-2 binding was used as a control, and enrichment was too low to amplify in qPCR. *, p Յ 0.05; **, p Յ 0.01; ***, p Յ 0.001. Error bars, S.E.
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tamoxifen injection ( Fig. S1B ). In vehicle-or AngII-treated adult primary cardiomyocytes isolated from these mice injected with vehicle or tamoxifen, decreased SRC-2 resulted in decreased VEGF mRNA expression ( Fig. 4B ). There was no significant effect of SRC-2 knockdown on hypertrophic gene expression in either cell type ( Fig. S1 ).
SRC-2 coactivates GATA-4 to induce VEGF expression
GATA-4 is a potent inducer of VEGF downstream of TAC (3), and we have previously shown that SRC-2 coactivates GATA-4 in the heart (8) . Together, these data suggest coordinated activation of VEGF by SRC-2 and GATA-4 ( Fig. 5A ). To test this hypothesis, we obtained the proximal promoter of VEGF with WT and mutated GATA-4 -binding sites (3) and assessed transactivation in the presence of GATA-4 and SRC-2. SRC-2 alone increased expression of the VEGF proximal promoter and coactivated GATA-4 expression on the WT promoter ( Fig. 5B ). When the two main GATA-4 sites were mutated, reporter activity was substantially decreased, suggest- 
SRC-2 activates stress-induced VEGF expression
ing that SRC-2 coactivation is largely mediated through these sites ( Fig. 5B ). Furthermore, AngII treatment of H9c2 cells increased the interaction between SRC-2 and GATA-4 ( Fig.  5C ), and both SRC-2 and GATA-4 were located at the VEGF promoter during AngII treatment of H9c2 cells (Fig. 5D ). These results suggest that hypertrophic signals can increase SRC-2 expression and further enhance VEGF expression through increased coactivation of GATA-4 in cardiomyocytes.
SRC-2 is induced by hypoxia in the cardiomyocyte via HIF transactivation
The second major physiological signal driving angiogenesis in response to TAC is hypoxia. In theory, inhibition of hypertrophic induction of angiogenesis would accelerate hypoxia in the myocardium; however, hypoxia could rescue this defect through induction of angiogenesis by another mechanism. The degree of impairment of TAC-induced angiogenesis in SRC-2 CKO hearts ( Fig. 1 ) suggests that SRC-2 also controls this secondary mechanism of angiogenesis. In this case, we would expect SRC-2 activity to also be induced by hypoxic signals. Incubation of isolated adult cardiomyocytes with cobalt chloride (CoCl 2 ) to mimic hypoxia leads to robust induction of SRC-2 mRNA (Fig. 6A ). Incubation of H9c2 cardiomyocytes under hypoxic conditions also resulted in increased SRC-2 mRNA and protein expression, albeit under different kinetics ( Fig. 6, B and C) . Additionally, SRC-2 mRNA increased in hearts from mice incubated in a hypoxic chamber for 7 days compared with normoxic conditions (Fig. 6D ). To test whether these effects on SRC-2 expression are through direct transcriptional control, we performed transactivation assays in H9c2 cardiomyocytes stably expressing the SRC-2 proximal promoter incubated with either CoCl 2 or 1% O 2 . In support of direct transcriptional activation of SRC-2, both treatments increased activation of the promoter (Fig. 6E ). Furthermore, we found four consensus hypoxia response elements in this promoter region and show that both HIF-1␣ and HIF-2␣ can activate the SRC-2 proximal promoter ( Fig. 6F ). Both HIFs were also recruited to the SRC-2 promoter in H9c2 cells treated with CoCl 2 (Fig. 6G ). Together, these data indicate that hypoxia induces SRC-2 expression.
SRC-2 coactivates HIFs to induce VEGF expression under hypoxia
VEGF induction in response to hypoxia is largely driven through HIF-1␣ and -2␣ ( Fig. 7A ). We therefore tested whether SRC-2 coactivates HIF-1␣ and HIF-2␣ in cardiomyocytes. We found that SRC-2 interacted with HIFs in hypoxic mouse heart lysates ( Fig. 7B ). Additionally, SRC-2 coactivated HIFs to increase activity of the VEGF proximal promoter in H9c2 cardiomyocytes ( Fig. 7C) . Similarly, knockdown of SRC-2 expres- 
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sion in H9c2 cardiomyocytes resulted in decreased VEGF expression during hypoxia (Fig. 7D) , and decreased cardiomyocyte SRC-2 suppressed VEGF expression in isolated primary adult cardiomyocytes treated with CoCl 2 (Fig. 7E ). CoCl 2 -induced VEGF secretion from H9c2 cells was also impaired by knockdown of SRC-2 ( Fig. 7F) . Last, SRC-2, HIF-1␣, and HIF-2␣ were recruited to the VEGF promoter in CoCl 2 -treated H9c2 cells (Fig. 7G) . Combined, these data support the hypothesis that SRC-2 and HIF-1␣ and -2␣ work in a feed-forward loop to induce VEGF expression in hypoxic cardiomyocytes.
Discussion
In this work, we present a novel regulator of cardiomyocyteinduced angiogenesis, SRC-2, which we postulate induces VEGF expression from both hypertrophic and hypoxic signaling pathways (Fig. 8) . The novel contributions include the following. 1) SRC-2 controls VEGF expression and secretion from cardiomyocytes through both GATA-4 and HIFs. 2) SRC-2 expression is stimulated by both hypertrophic and hypoxic signals in the heart. 3) Loss of SRC-2 impairs TAC-induced angiogenesis in vivo. Our results further support the idea that SRC-2 is a major upstream coordinator of the cardiac transcriptional response to stress.
The decreased VEGF correlates strongly with decreased vasculature post-TAC in SRC-2 CKO hearts compared with WT hearts, which is expected to contribute to the decline in cardiac function observed in these animals. These observations are strongly supported by several studies showing the detrimental effects of decreased angiogenic capabilities on cardiac function in response to TAC, including those describing HIF and GATA-4 control of angiogenesis (3, 5) . Therefore, although it is probably not the only mechanism disrupted by loss of SRC-2 that results in cardiac decline during pressure overload, loss of vasculature during cardiac stress is probably a major contributor to this phenotype. Because of the close relationship between hypertrophy and angiogenesis and possible roles for SRC-2 in both mechanisms, we cannot currently definitely rule out that the decreased vasculature in vivo in SRC-2 CKO hearts results from a decreased need for angiogenesis because SRC-2 CKO hearts have decreased hypertrophy. However, our in vitro data strongly support a direct role for SRC-2 in regulation of VEGF expression, suggesting that this mechanism contributes to the overall in vivo phenotypes observed.
Previously, we have shown that SRC-2 can control metabolic, sarcomeric, and stress-responsive genes in the heart by interacting with several transcription factors, including peroxisome proliferator-activated receptor ␣ (PPAR␣), GATA-4, MEF2, and Tbx5 (8) . In this report, we extend the role of SRC-2 in controlling cardiomyocyte function and activity and for the first time describe a stress signal-dependent activity for SRC-2 in the heart. It is important to note that as a coactivator, SRC-2 Figure 6 . Hypoxia induces SRC-2 expression. A, qPCR for SRC-2 in isolated adult cardiomyocytes treated with vehicle or CoCl 2 for 12 h to mimic hypoxia. Rpl32 was used as an internal control, and data are presented relative to vehicle control. B, qPCR for SRC-2 in H9c2 cells cultured under hypoxic conditions for the indicated times. Rpl32 was used as an internal control, and data are presented relative to normal oxygen conditions. C, immunoblotting with SRC-2 antibodies or total protein staining in whole-cell lysates from H9c2 cells grown in 1% O 2 for the indicated times. Arrows, SRC-2 band. D, qPCR for SRC-2 and VEGF in total heart RNA isolated from mice incubated under normoxic or hypoxic gas for 7 days. Rpl32 was used as an internal control, and data are presented relative to expression under normoxia for each gene independently. E, luciferase assays in H9c2 cells stably transfected with Ϫ1500 to ϩ1 of the SRC-2 proximal promoter treated with hypoxic gas or CoCl 2 for 24 h as indicated. F, luciferase assays in H9c2 cells Ϫ1500 to ϩ1 of the SRC-2 proximal promoter with plasmid-driven overexpression of HIF-1␣ and HIF-2␣ as indicated. Data are presented relative to promoter alone. G, chromatin immunoprecipitation experiments with the indicated antibodies performed in total chromatin-prepared H9c2 cells treated with or without CoCl 2 for 12 h and analyzed for enrichment of the SRC-2 promoter via qPCR. IgG antibodies are used as negative controls. A primer set known to be void of SRC-2 binding was used as a control, and enrichment was too low to amplify in qPCR. *, p Յ 0.05; **, p Յ 0.01; ****, p Ͻ 0.0001. Error bars, S.E.
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is not required for transcription factor binding to the DNA but is an important component of the recruitment of coactivator complexes and the general transcription machinery that lead to induction and/or amplification of the target gene. We show that SRC-2 is increased in cardiomyocytes through both hypertrophic and hypoxic signals and can integrate these two signals to drive a single response, VEGF expression. This is among the first reports showing direct control of release of a paracrine factor by SRC-2. Whereas hypoxic induction of SRC-2 expression appears to be, at least in part, mediated by HIFs themselves, hypertrophic control of SRC-2 expression may be partially transcriptionregulated but is amplified post-transcriptionally. Interestingly, AngII treatment increased the association between SRC-2 and GATA-4. We currently do not know whether this is due to increased phosphorylation and activation of GATA-4, as has been described previously (10, 11); a possible unknown posttranslational modification of SRC-2; or perhaps changes in localization of another factor important for bridging or strengthening this association. Understanding the dynamics of this association may be important in further defining the mechanisms of GATA-4 gene targeting and activation during different stages of the stress response. Furthermore, this is a novel description of a regulator that is poised to coordinately control the hypertrophy-hypoxia angiogenic axis in cardiomyocytes, which has previously been hypothesized to exist but remains uncharacterized (2) .
Herein, we describe coordinate control of VEGF expression via SRC-2 coactivation of GATA-4 and HIFs, in response to hypertrophic and hypoxic signals, respectively. Our data do not exclude possible contribution of these factors in the corre- In cardiomyocytes subject to pressure overload, hypertrophic signals lead to both increased SRC-2 and activation of GATA-4. SRC-2 can coactivate GATA-4 to drive VEGF expression and secretion from the cardiomyocyte. Pressure overload can also lead to hypoxic activation of HIF2 in the cardiomyocyte that can lead to increased SRC-2 that positively feeds forward to coactivate HIFs to further increase VEGF expression and secretion. The secreted VEGF can then stimulate endothelial cells to drive angiogenesis.
sponding pathways, and indeed, GATA-4 has been shown to increase during hypoxia to the right ventricle (12) as well as to undergo direct control by miR-26b, which is reduced by hypoxia in the myocardium and, therefore, would increase GATA-4 expression (13) . Furthermore, both HIF-1␣ and -2␣ are potently induced by hypoxia but can increase in some circumstances due to growth factor signaling (14) . Therefore, cross-talk between these mechanisms is not unlikely and may point further toward SRC-2 acting as a major scaffolding protein to bridge between multiple environmental and timing signals to drive a single response. Additionally, these are not the only transcription factors known to activate VEGF in response to various stimuli. Mutation of the GATA-4 -binding sites in the VEGF proximal promoter largely decreased, but did not fully ablate, SRC-2 coactivation of this region, suggesting other contributors to VEGF expression with which SRC-2 may coordinate. Others include signal transducer and activator of transcription 3 (Stat3) and PPAR␥ (15, 16) , which may also be controlled by SRC-2 in the cardiomyocyte (8); however, signal and target-dependent regulation of these dynamics has not been investigated. Peroxisome proliferator activated receptor ␥ coactivator-1␣ (PGC-1␣) coactivates estrogen-related receptor ␣ (ERR␣) through binding sites in this same region in skeletal muscle cells (17) . We have previously shown that SRC-2 deficiency in the heart results in decreased PGC-1␣ expression (9), but whether PGC-1␣ controls VEGF in the heart is currently unknown. MEF2, which we have previously shown associates with SRC-2 in cardiomyocytes, also binds to an upstream enhancer in the VEGF promoter in endothelial cells (18) . Although we did not observe any AngII-dependent increases in MEF-2-or SRC-2-driven transcription from this region (data not shown), we currently cannot rule out a possible additive role for this mechanism during hypertrophy in vivo. Expression of VEGF expression is tightly controlled and downstream of several distinct signaling pathways. We support the notion that there is SRC-2-independent control of VEGF as well as other unidentified SRC-2-dependent control mechanisms.
Experimental procedures
Animals
All animal experiments were approved by the Institutional Animal Care Research Committee at Houston Methodist Research Institute or Baylor College of Medicine. SRC-2 CKO animals have been described previously and have loss of SRC-2 specifically in cardiomyocytes, as Cre expression is under the control of the Myh6 promoter ( Fig. S2) (8) . Mice with inducible knockout of cardiomyocyte SRC-2 were generated by crossing SRC-2 f/f mice with transgenic mice with Myh6-Cre/Esr1 promoter (Jackson Laboratory). A single 40-mg/kg tamoxifen injection was used to induce Cre expression 2 months before harvest. Under these conditions, SRC-2 expression was lost in ϳ60% of cardiomyocytes (Fig.  S1B) . Hypoxia studies were performed on ICR wild-type mice left in normoxia or placed in a hypoxic chamber at 10.5% oxygen for 7 days before harvest.
Plasmids and reagents
The pCR3.1-SRC-2 plasmid has been described previously (19) . The pCGN-GATA-4 was a gift from Dr. Mona Nemer (20) . pVEGF-Luc was a gift from Dr. Jeffery D. Molkentin (3). HA-HIF-1␣-pcDNA3 and HA-HIF-2␣-pcDNA3 were a gift from William Kaelin (Addgene) (21) . Adenovirus containing GFP and GFP-Cre recombinase (Ad5-CMV-GFP and Ad5-CMV-Cre-GFP, respectively) were purchased from the Vector Development Core at Baylor College of Medicine. pAdeno-SRC-2 has been described previously (8) . siRNAs against SRC-2 were purchased from Dharmacon.
Cell culture
H9c2 (ATCC) and HUVEC (LONZA) were cultured by standard methods according to the suppliers' instructions. Treatments were performed as indicated with the following parameters. CoCl 2 was used at a concentration of 200 M for 12 or 24 h, and AngII was used at a concentration of 1 M for 12 or 24 h. Hypoxic cultures were performed either in an incubator with oxygen regulator at 1% O 2 , 94% N 2 , and 5% CO 2 (Bio-Spherix) or in a modular hypoxic chamber (Billups-Rothenberg) filled with premixed gas at 1% O 2 , 5% CO 2 , and 95% N 2 . All experiments with cells were repeated a minimum of three times to ensure reproducibility of experimental trends.
siRNA-mediated knockdown
H9c2 cells were transfected with Lipofectamine 3000 at a density of 1 ϫ 10 7 cells/ml with 100 M siRNA according to the manufacturer's instructions (Thermo Fisher Scientific). Cells were treated as described and harvested 48 h later. Under these conditions, SRC-2 expression is decreased by about 50% (Fig.  S1A ).
Gene expression analyses
RNA was isolated from either cells or frozen heart tissue using the RNeasy RNA isolation kit or fibrous tissue kit, respectively, according to the manufacturer's instructions (Qiagen). cDNA analysis was performed on 500 -1000 ng of RNA using random primers and the iScript enzyme according to the manufacturer's instructions (Bio-Rad). qPCR analyses were performed using Quanta SYBR Green (Quanta Bio) on a Roche light cycler qPCR machine. Primer sequences are available upon request.
Aortic constriction and cardiac measurements
Transverse aortic banding was performed as described previously (22) . Echocardiography and Doppler measurements were made as described previously (22) (23) (24) . Twenty-four hours after surgery, the flow velocity of the right and left carotids is assessed via Doppler, the ratio of which provides a measurement of the severity of constriction. This ratio was statistically similar in all groups (Fig. S3 ). All mice were injected with saline once daily for 6 days before experimentation. Echocardiography and Doppler measurements were taken at pre-TAC and at 1-, 2-, and 4-week intervals. Four weeks after TAC, animals were euthanized, and hearts were immediately removed. Transverse sections were cut and immediately fixed in Z-fix for
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paraffin embedding, and the rest of the heart was minced and snap-frozen in liquid nitrogen. Animal numbers were chosen based on power analysis before banding was performed; however, this procedure causes some lethality, so final group sizes were as follows (pre-TAC, 1-week, 2-week, and 4-week): WT, 15, 11, 10, and 10; SRC-2 CKO, 12, 9, 9, and 7 . Data were excluded from analysis when images inhibited accurate measurements of all parameters. Banding and analysis were performed in three independent groups of littermate mice, and personnel performing surgery, echocardiography, and Doppler measurements were blinded to their genotype. Each surgical group contained littermates, and all male mice from each litter were used to avoid bias.
Adult cardiomyocyte isolation
Adult cardiomyocytes were isolated as described previously (25) . Briefly, aortas of freshly isolated hearts were cannulated and perfused with type IV collagenase (Gibco) followed by mincing and calcium reintroduction. Cardiomyocytes from several mice were pooled, plated, and finally cultured at 2% CO 2 in media containing ITS medium supplement and 2,3-butanedione monoxime.
Chromatin immunoprecipitation
H9c2 cells or freshly isolated primary cardiomyocytes were immediately fixed for 10 min with 1% formaldehyde, and downstream analyses were performed with the Sim-pleChip enzymatic chromatin IP kit (Cell Signaling Technology). Each immunoprecipitation was conducted with 3 g of antibody. Beads and antibody were preincubated in 0.5% bovine serum albumin in 1ϫ PBS overnight before the addition of chromatin. Final products were eluted in 50 l. qPCR analysis was performed with SYBR Green and gene-specific primers on a Roche light cycler. Antibodies used were as follows: anti-SRC-2 (A300-346A, Bethyl Laboratories), anti-GATA (H-112, Santa Cruz Biotechnology), anti-HIF-1␣ (NB100-105, Novus), and anti-HIF-2␣ (NB100-122, Novus). Primer sequences were as follows: mouse Untr10 (forward, 5Ј-tacacatgaggcccaggatca-3Ј; reverse, 5Ј-tggctccttcagtcctttatg-3Ј) (negative control; data not shown due to lack of enrichment); mouse VEGF (forward, 5Ј-cccagctgtctctccttcag-3Ј; reverse, 5Ј-tgtggaaacccacgtatgc-3Ј); rat VEGF (forward, 5Ј-ctctcttgggtgcactgga-3Ј; reverse, 5Ј-cacgaccgcttaccttgg-3Ј; rat SRC-2 (forward, 5Ј-cagcagtgacgtgctagtgaa-3Ј; reverse, 5Ј-catccatagcagaggcaagg-3Ј).
Immunoprecipitation
H9c2 cells were treated as indicated before harvest. Cells were lysed in RIPA buffer (1ϫ PBS, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS) plus protease inhibitors. The resulting lysates were incubated with the indicated antibodies and protein A/G Dynabeads (Thermo Fisher Scientific) for 3 h in RIPA buffer with protease inhibitors at 4°C. Immunoprecipitates were washed and analyzed via SDS-PAGE. The products were visualized with anti-HRP conjugates and ECL detection (EMD Millipore). Antibodies used to immunoprecipitate were anti-SRC-2 (A300-346A, Bethyl Laboratories).
Western blotting
H9c2 cells were treated as described and lysed in RIPA buffer plus protease inhibitors. Equal amounts of protein were loaded in wells of the same gel as quantified with a Nanodrop. Proteins were separated via SDS-PAGE and transferred to PVDF membranes. Membranes were blocked and incubated with primary and HRP-conjugated secondary antibodies in 5% milk in 1ϫ Tris-buffered saline ϩ 0.01% Tween 20 (TBST). Proteins were visualized with ECL detection (EMD Millipore) on a LI-COR FC imager (LI-COR). Antibodies used were anti-SRC-2 (A300-345A, Bethyl Laboratories; sc-81280, Santa Cruz Biotechnology), anti-GATA (G-4, Santa Cruz Biotechnology), anti-HIF-1␣ (NB100-105, Novus), and anti-GAPDH (14C10, Cell Signaling). Total protein staining was performed according to the manufacturer's instructions with REVERT total protein stain (LI-COR).
Isolectin staining
Isolectin staining was performed on deparrafinized heart sections by standard techniques. Blocking was performed in 5% BSA, 10% normal horse serum, and 0.025% Triton X-100 in 1ϫ Tris-buffered saline (TBS) for 2 h at room temperature. Antigen retrieval was performed with Tris-EDTA buffer (10 mM Tris base, 1 mM EDTA solution, 0.05% Tween 20, pH 9.0). Biotinylated isolectin GS-IB 4 (Thermo Fisher Scientific) was used at a concentration of 1:50 at 4°C overnight in 1ϫ TBS ϩ 1% BSA. After washing with 1ϫ TBS ϩ 0.025% Triton X-100, sections were incubated with Streptavidin-647 (Thermo Fisher Scientific) at a concentration of 1:1000 for 30 min at room temperature in 1ϫ TBS ϩ 1% BSA. Autofluorescence was blocked using 0.1% Sudan Black B in 70% ethanol for 30 min at room temperature. Sections were dehydrated and mounted with Vectashield mounting medium containing DAPI (Vector Laboratories). Imaging was performed with a Cy5 filter on an EVOS FL microscope (Thermo Fisher Scientific).
ELISA
ELISAs for VEGF were performed on medium collected from H9c2 cells treated as described using a rat VEGF ELISA kit according to the manufacturer's instructions (Sigma).
Tube formation
H9c2 cells were treated with scrambled si or siSRC-2 (Dharmacon) as described above. 48 h later, medium was collected from the wells (conditioned medium). 50 l of growth factorreduced Matrigel was incubated in each well of a 96-well plate at 37°C for 20 min. Then 2.5 ϫ 10 4 HUVECs were loaded in the precoated wells with 100 l of conditioned medium with or without 600 pg/ml VEGF (Peprotech). Four wells were analyzed per condition, and two pictures of each well were taken for measurements. ImageJ software was used for the measurements.
Cell proliferation assay
HUVEC proliferation was assessed using the XTT cell viability kit according to the manufacturer's instructions (Cell Signaling). Briefly, HUVECs were plated in 96-well plates at 10 4
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cells/well and incubated with conditioned medium from H9c2 cells infected with adenovirus expressing null or SRC-2 (Ad-SRC-2) or control or SRC-2 siRNAs. After 48 h, XTT solution was added to each well and incubated for 4 -8 h at 37°C. A 450 readings correlate with cell number.
Statistical analysis
All data are represented as the means Ϯ S.E. Mean and S.E. were calculated using Excel software (Microsoft Corp.). All comparisons involving two variables were analyzed using Prism software (GraphPad) by 2-way analysis of variance with multiple comparisons. For animal studies, the analysis of variance was calculated with a Sidak post hoc analysis, and for all others, a Tukey post hoc analysis was used. Remaining statistics were performed with a standard Student's t test. *, p Յ 0.05; **, p Յ 0.01; ***, p Յ 0.001; ****, p Ͼ 0.0001.
